The objective of this study was to assess the prevalence and health effects of vertebral deformities in men and women. The study was carried out as part of the cross-sectional baseline phase of The Rotterdam Study, a prospective population-based cohort study of residents aged 55 years or over of a district of Rotterdam, The Netherlands. The prevalence of vertebral deformities according to a modification of the Eastell method and concomitant functional impairment were assessed in a random sample of 750 men and 750 women. The prevalence of moderate (grade I) vertebral deformities was 8 and 7% in men and women, respectively. For severe deformities (grade II), these percentages were 4 and 8%. In men, the prevalence of both moderate and severe deformities increased with age. In women, however, the prevalence of moderate vertebral deformities remained constant, opposite to a marked increase in severe deformities. Moderate vertebral deformity was significantly associated with impaired rising in men only. Severe vertebral deformity was associated with a significantly increased risk of general disability and the use of a walking aid in both men and women, impaired bending in men, and impaired rising in women. It is concluded that (1) vertebral deformities are only slightly less common in men than in women from the general population and (2) severe progression with age occurs in women only and (3) severe vertebral deformity is, particularly in men, related to functional impairment. (J Bone Miner Res 1997;12:152-157)
INTRODUCTION
T HE IMPACT of hip fractures on present-day health care systems in Western countries is considerable. (1, 2) The frequency and consequences of vertebral fractures are, however, not as clear. (3) Yet, it may be expected that the number of vertebral deformities will grow in all aging populations. Because a considerable proportion of vertebral deformities do not come to medical attention, populationbased research is needed to determine the size and consequences of this health problem. (4) Although vertebral fractures are considered uncommon in men, studies on the prevalence in men are deficient. (5, 6) Investigations that allow comparison of the prevalence in men and women are virtually nonexistent. In women, severe deformities appear to contribute substantially to pain and disability. (4) For men, however, no such data are available. The present study shows the prevalence of vertebral deformities in persons from the general population in relation to age, gender, and several measures of functional impairment.
MATERIALS AND METHODS
The present study was conducted as part of the Rotterdam Study, a prospective population-based cohort study of determinants and prognosis of chronic diseases in the elderly. (7) The focus of the study is on cardiovascular, neurogeriatric, ophthalmologic, and locomotor diseases. The eligible population comprised all inhabitants aged 55 years or over of the district of Ommoord in Rotterdam, The Netherlands. Altogether, 10,275 persons, of whom 9161 (89%) were living independently, were invited to participate. The baseline examination of the Rotterdam Study included an interview at home and extensive investigations at the research center. In the independently living population, the response rate was 77% for the home interview and 71% for the center visit. Written informed consent was obtained from every participant. The Rotterdam Study has been approved by the Medical Ethics Committee of Erasmus University Medical School. The present study was performed in a stratified sample from independently living participants of the Rotterdam Study composed of 750 men and 750 women with balanced numbers (150) in the age groups 55-59, 60 -64, 65-69, 70 -74, and 75 years or over. The response rates in these age groups for participants with radiographs were 73, 74, 69, 63, and 47%, respectively. One-third of this population is part of the population of the European Vertebral Osteoporosis Study (EVOS). (8) Lateral radiography of the spine from the fourth thoracic to the fifth lumbar vertebra was performed in each participant. Vertebral deformities were diagnosed according to a modification of the Eastell method. (9) This modification was proposed by Black et al. and reduces the false positive rate. (10) All computations were performed for men and women separately. The degree of deformity of each vertebra was assessed by measurement of the anterior height (AH), central height (CH), and posterior height (PH) of the vertebrae on levels (i) T4 -L4 using a cross-wired cursor and an illuminated digitizing board. The following ratios were calculated: AH i /PH i , CH i /PH i , PH i /PH iϪ1 , PH/PH iϩ1 , AH i / AH iϪ1 , and AH i /AH iϩ1 . The coefficient of variation for these ratios was approximately 3% for repeated measurements on the same radiograph. Deviation of one of these ratios below a given cut-off value indicates vertebral deformity. The modification requires that in case PH/PH iϮ1 is reduced, the corresponding anterior ratio AH/AH iϮ1 must also be reduced. Cut-off values were calculated as the vertebra-specific mean reference value for each ratio minus 3 and 4 SD. The reference values were obtained from 50 men and 50 women aged 55-60 years. From this group, two men were excluded because they had clinically visible vertebral deformities according to an expert radiologist. A deviation of any ratio between the 3 and 4 SD cutoff value was recorded as a moderate (grade I) deformity. A severe (grade II) deformity was recorded in case of a deviation below the 4 SD cut-off value. Subsequently, the degree of vertebral deformity was calculated for each participant. Moderate vertebral deformity was defined as at least one moderate deformity without severe deformities. Severe vertebral deformity in a participant was defined as one or more severe deformities. To obtain a continuous measure of deformity, the deviations of all ratios from the reference value, expressed as the number of standard deviations (Z score), were computed for each vertebra. Next, all Z scores were added up across the total vertebral column to achieve an overall continuous measure of deformity. No distinction between wedge, biconcave, or compression deformities was made in the present study.
The measures of functional impairment in the present study were selfperceived health, disability, use of a walking aid, back complaints, impaired rising, and impaired bending. Disability was assessed as the impairment in activities of daily living (ADL) using a questionnaire adapted from the Stanford Health Assessment Questionnaire as part of the home interview. (11) The questionnaire measured the amount of difficulty in eight components: dressing and grooming, rising, reaching, hygiene, eating, walking, grip, and activity. Each component was addressed by two to four component questions. The answers to these questions were scored on a four-point scale ranging from zero to three meaning (0) without difficulty, (1) some difficulty, (2) much difficulty, and (3) unable to do. The component score was defined by the highest score on any component question. The mean score of the eight component scores is the disability index. Disability was defined by an index of 0.5 or over. The interview also assessed selfperceived general health compared with people of the same age, the use of a walking aid, and back complaints during the past 5 years. As part of the physical examination at the research center, the study physician judged the difficulty in rising from a low chair (sitting height 37 cm) without using the arm rests and bending down to the floor to pick up an object. All participating physicians were extensively instructed on assessment and scoring methods; standardization procedures were carried out regularly. The same four-point scoring scale as for the disability assessments was used. Impaired rising and impaired bending was defined as score two or over. To validate these tests, selfassessed rising and bending from the interview were compared with physician-assessed rising and bending. The comparisons were made on a dichotomous scale, i.e., the presence or absence of impairment as defined above. The percentage agreement was 89% for rising and 91% for bending. Further, the Kappa statistic was calculated. It represents the amount of actual agreement as the percentage of the total agreement that occurs beyond the contribution of chance. The Kappa was 0.44 ( p Ͻ 0.001) for rising and 0.40 ( p Ͻ 0.001) for bending. Kappas between 0.21 and 0.40 are considered fair, between 0.41 and 0.60 are moderate. (12) 
Data analysis
For reasons of poor technical quality, the radiographs offormities in relation to impairment, given the presence of at least one deformity. The third way of analysis used the continuous overall Z score as the independent variable. Because the data suggested that gender modifies the effect of vertebral deformity on the outcomes, the data were also analyzed in men and women combined with an interaction term for gender. Tables 1 and 2 depict the mean values of all ratios in the reference group for men and women separately. In men, somewhat smaller values for the AH i /PH i and CH i /PH i ratios were found. Table 3 shows the crude prevalence of important characteristics of the study population stratified by gender. The prevalence of moderate vertebral deformity 
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was somewhat higher in men, whereas the prevalence of severe vertebral deformity was considerably and statistically significantly higher in women. Moderate and severe deformities taken together were slightly more frequent ( p ϭ 0.17) among women (15%) than among men (12%). After adjustment for the age distribution of the Dutch population at January 1, 1994, the prevalence of moderate or severe vertebral deformity was 12% in men (8% moderate and 4% severe) and 17% in women (7% moderate and 10% severe). All aspects of functional impairment were more frequent among women than men, except for impaired bending. The differences were statistically significant for disability and back complaints during the past 5 years. The prevalence of deformity according to gender, age, and severity is depicted in Fig. 1 . The prevalence of both moderate ( p Ͻ 0.01) and severe deformity ( p ϭ 0.01) increased with age in men. In women, no rise with age was found for moderate deformity ( p ϭ 0.13), whereas the prevalence of severe deformity increased markedly with age ( p Ͻ 0.01).
The association between functional impairment and moderate and severe vertebral deformity is presented in Table 4 . Moderate vertebral deformity was in general not related to impaired functional status, although in men a considerable and statistically significant relative risk for impaired rising was observed. Severe vertebral deformity, however, was related to all measures of functional status in men, with the exception of back complaints. The associations were statistically significant for disability, the use of a walking aid, and impaired bending. In women, the relative risks for measures of functional impairment of severe vertebral deformity were generally lower and statistically significant associations were observed for disability, the use of a walking aid and impaired rising. From those with moderate deformities, 13% had more than one deformity. For severe deformities this percentage was 26. No consistent relationship between the number of deformities and impaired functional impairment was found. When deformity was analyzed as a continuous variable (Table 5) , relative risks were substantial for the use of a walking aid, impaired rising, and impaired bending in men and poor self-perceived health in women. Except for impaired bending, these relative risks were statistically significant. The magnitude of the relationship between vertebral deformity and functional impairment was not significantly affected by gender.
DISCUSSION
To our knowledge, this is the first population-based study to compare the health consequences of vertebral deformity between men and women. The overall prevalence was only slightly higher in women. Moderate vertebral deformity, however, was slightly more frequent among men, whereas the prevalence of severe deformity was considerably higher in women. With advancing age, the prevalence of the two grades of vertebral deformity increased in men. In women, by contrast, the frequency of moderate deformity remained approximately constant, while the prevalence of severe deformity rose sharply. Finally, a marked association was observed between severe vertebral deformity and functional impairment, more clearly in men. Four limitations of the present study are to be discussed. First, an underestimation of the true prevalence may have occurred if persons with vertebral deformities were, probably through concomitant health problems, less likely to participate. Because such a nonresponse bias tends to become more prominent with age, an underestimation of the increase with age may have resulted as well. However, an influence on the association of vertebral deformities with functional impairment is unlikely because this would only occur if those with functional impairment would be more likely to be nonresponders if they had vertebral deformities. Second, the cross-sectional design of the study does not allow conclusions about the time relationship of deformities and health outcomes. It remains, therefore, possible that impairment of locomotor functions preceded rather than followed the vertebral deformities. This sequence may have been realized through immobility inducing elevated bone resorption (14) and subsequent deformities. Third, an overestimation of the prevalence of deformities may have occurred because the presence of scoliosis on the X-rays was not accounted for. Fourth, we did not record the presence of spinal osteoarthritis. Because this condition may cause both deformities (15) and functional impairment through pain, (16) it may in part explain the observed relationship. The comparison of the prevalence of vertebral deformities between studies is seriously complicated by the use of widely divergent methods. Therefore, we compared our results with the results from studies using similar methods only. Melton et al. reported prevalence data from a population-based study of vertebral deformities in women. (17) Standardized to the age distribution of our sample, the prevalence of vertebral deformities in this survey after exclusion of clinically unconfirmed grade I deformities was almost the same (17%) as the overall prevalence in our study (15%). The Chingford Study showed similar prevalence rates for moderate (9.7%) and lower prevalence rates for severe deformities (1.3%) among women aged 45-69 years. (18) In women aged 65-70 years from a very large population-based study, these prevalence rates were 13 and 6%, respectively. (4) As far as we know, only one study assessed the prevalence of vertebral deformities in men using vertebral morphometry. (6) In this study, the mean age was 64 years and the prevalence of moderate and severe deformities taken together was 10%. It should be noted, however, that approximately half of the participants were healthy volunteers. The prevalence of deformities that was reported for Rotterdam in the EVOS study (8) using the McCloskey algorithm, (19) which has an equally high specificity as the Eastell modification we used, (10) is similar to the prevalence in the current larger sample. The results of studies on the relationship between vertebral deformities and detrimental health outcomes vary considerably. (4, 16, 18, 20, 21) Among these, at least two investigators also conclude that severe rather than moderate deformities are associated with impaired health status. (4, 21) The strong increase in severe deformities in women after the age of 75 years was not accompanied by an increase in moderate vertebral deformities. This observation suggests that in elderly women moderate deformities further progress to severe vertebral deformities. Alternatively, although less likely in our view, a severe deformity in elderly women may result from a sudden collapse without being preceded by a moderate deformity. In men, no such pattern was found, suggesting less fragile vertebral bone than women. Apart from their higher BMD, (22) male vertebrae may remain stronger as a result of continued bone deposition during adulthood, resulting in a larger diameter as compared with women. (5) In addition, a lower rate of decline of trabecular connectivity in aging men may play an important role in maintaining vertebral strength. (23) Convincingly, vertebral deformities do not appear to be associated with functional impairment until they deteriorate to grade II. Possible mechanisms for the development of impaired locomotor function comprise an increased kyphoscoliosis, altered tension of the paravertebral musculature, as well as an impaired flexibility of the spine. Surprisingly, no consistent dose-response relationship was observed. This is probably due to the relatively low number of participants 
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with multiple deformities. The observation of a less convincing association for the continuous measure of deformity suggests that the localized fracture rather than the overall shape of the spine determines functional impairment. Whereas the prevalence of both severe deformities and detrimental health outcomes was higher in women, a stronger association was found in men. It is unclear what explains this discrepancy. Possibly, men are loading their spines more heavily or in a different way that is not compatible with the altered shape of the spine. Nevertheless, vertebral osteoporosis appears to be a health problem in men as well, and clinicians should therefore be aware of this possibility when they encounter men with complaints that possibly relate to vertebral deformities.
In conclusion, (1) vertebral deformities are only slightly less common in men than in women from the general elderly population, (2) severe progression with age occurs predominantly in women, and (3) severe vertebral deformities are, particularly in men, related to functional impairment.
